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© Horizontal gel electrophoresis apparatus. 



© A horizontal electrophoresis assembly is de- 
scribed which is designed to utilize very thin gels of 
polyacrylamide. The assembly allows for water cool- 
ing of the gel during electrophoresis so that higher 
voltages can be applied to the gel without polymer 
degradation. The gel mold is made from a set of 



glass plates which are clamped into place defining a 
gel mold between them. In one embodiment, the site 
of field introduction is separated from the site of 
sample introduction so that the electric field is gen- 
erally linear at the region of sample introduction. 
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Background of th Invention 

A. Fi Idofth Invention . 

The present invention relates to the preparation 
and use of electrophoresis gels. The invention 
makes use of ultra-thin slab gels for the separation 
f macromolecules. 

B. Description of the Ar t. 

Electrophoresis is the process of separating 
molecules on the basis of the molecule's migration 
in an electric field. In an electric field, a molecule 
will migrate towards the pole that carries a charge 
opposite to the charge carried by the molecule. 
The charge carried by a molecule often depends 
upon the pH of the medium in which the molecule 
is migrating. A common electrophoretic procedure 
is to set up solutions at different pH at each end of 
an electric field. At a certain pH, the isoelectric 
point of a molecule is obtained and the molecule 
carries no net charge. Therefore, as the molecule 
crosses the pH gradient, the molecule reaches an 
isoelectric point and is immobile in the electric 
fi Id. This procedure separates molecules accord- 
ing to their different isoelectric points. 

Electrophoresis in a polymeric gel, such as 
polyacrylamide or agarose, adds two advantages to 
an electrophoretic system. First, the polymeric gel 
stabilizes the electrophoretic system against con- 
v dive disturbances. Second, the polymeric gel 
provides a porous passageway through which the 
molecules travel. Since larger molecules will travel 
more slowly through the passageways than smaller 
molecules, use of a polymeric gel permits the 
s paration of molecules by either molecular size or 
isoelectric point. 

Electrophoresis in a polymeric gel is also often 
used to separate molecules only by molecular size. 
Some groups of molecules, such as RNA and DNA 
molecules, all have the same electrophoretic mobil- 
ity in free solution. These groups of molecules 
when moved through a polymeric gel by an electric 
fi Id will segregate on the basis of molecular size. 
Thus nucleic acids and other groups of molecules 
with similar isoelectric points will migrate through 
th gel to be segregated solely on the basis of 
molecular size. 

A polymeric gel electrophoresis system is typi- 
cally set up in the following way: A gel-forming 
solution is allowed to polymerise between two 
glass plates that are held apart on two sides by 
spacers. Th se spac rs d termin th thickn ss of 
the gel. Sampl w lis are formed by inserting a 
comb-shaped mold into th liquid between the 
glass plates at on nd and allowing th liquid to 
polymeriz around the mold. Th top and bottom 



of the polymerized g I are in lectrical contact with 
two buffer reservoirs. Macr molecule samples ar 
loaded into th sample w lis. An lectric fi Id is set 
up across th g I, and the molecules begin to 

5 separate according to their size. 

The size-sorted molecules can be visualized in 
several ways. After electrophoresis, the gels can be 
bathed in a DNA-specrfic or protein-specific stain 
which renders the groups of size-sorted molecules 

io visible to the eye. For greater sensitivity, the mol- 
ecules can be radioactively labelled and the gel 
exposed to X-ray film. The developed X-ray film 
will indicate the migration positions of the labelled 
molecules. 

?5 Both vertical and horizontal assemblies are rou- 
tinely used in gel electrophoresis. The molecules 
can also be detected during electrophoresis, either 
by means of their intrinsic absorptive or fluorescent 
properties, or by labelling them with a detectable 

20 chromophore or fluorophore, or by other detection 
methods known in the art. In a vertical apparatus, 
the sample wells are formed in the same plane as 
the gel and are loaded vertically. The wells can be 
as deep and wide as needed, but the thickness of 

25 the well is limited by the thickness of the gel. If 
ultra-thin (< .15 mm) gels are cast, loading the 
sample can be troublesome. 

Ultra-thin electrophoretic gels are useful be- 
cause they may be electrophoresed at a higher 

30 voltage. Therefore, the electrophoretic run is faster. 
Ultra-thin often gels yield higher resolution. Be- 
cause of their thinness, the gels are fixed for auto- 
radiography quickly and easily. 

Sample wells in a horizontal apparatus are typi- 

35 cally formed into the thickness of the gel and are 
loaded vertically. The wells may be of any desired 
thickness and, hence, are easier to load than the 
wells formed in a vertical apparatus. The depth of 
the wells is limited by the thickness of the horizon- 

40 tal gel. 

The use of horizontal assemblies is known in 
the art. For example, Hurd, et al., U.S. Patents 
4,909.977 and 4,795,591, claim such a horizontal 
apparatus. The sample wells of the Hurd apparatus 

45 are formed by a comb-shaped mold at the extreme 
end of the slab gel. The comb is placed into a slot 
formed between the side of the bottom tray and the 
edge of the top tray. 

Several problems are experienced by prior 

so horizontal electrophoresis assemblies. The comb is 
held in place by the pressure of the top tray, but 
unless the comb is held very tightly, non-uniform 
sample wells with exogenous gel material will be 
formed. Additionally, th sampl well geom try is 

ss such that th lectric fi Id "turns a com r" in th 
area of the sample well. This non-uniform lectric 
field geometry will caus artifactual migration in 
this area of the gel and may caus the sampl s to 
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electrophorese aberrantly. Finally, the apparatus is 
suitable to cast gels of 0.15-0.3 mm thick, so ther 
is no teaching f th special probl ms f ultra-thin 
sampl w II formation. 

The usefulness of electrophoresis depends on 
the sharp resolution of sample separation. This 
sharp resolution depends, in part, on the manner in 
which the macromolecular sample migrates from 
the sample well. Both the sample well and the 
electric field influence the migration of the macro- 
molecules. Ideally, the sample wells would have a 
uniform, sharply defined size and have no extrane- 
ous pieces of polymerized gel that would interfere 
with sample migration. Uniform well size is neces- 
sary because the separation of molecules is often 
compared between samples that are electrophores- 
ed side-by-side. Extraneous material in the sample 
well will cause impeded migration for part of the 
sample. Non-uniform sample migration greatly hin- 
ders high resolution molecular separation. 

The placement of the electric field relative to 
the sample well is important because a non-uni- 
form field can create artifactual results. Ideally, the 
electric field experienced by the loaded samples 
would be in a plane parallel to the gel, even when 
the sample is in the sample well. Ihen the mol- 
ecules would experience a uniform electric field 
during their entire electrophoretic separation. 

What is needed is an apparatus and method 
for casting ultra-thin gels having sample wells with 
a sharply defined, uniform geometry and having 
sample wells positioned so that the electric field 
passing through the sample well is parallel to the 
plane of the slab gel. 

Summary of the Invention 

The present invention is an assembly for cast- 
ing a slab gel and electrophoresing macromole- 
cules in a slab gel. The assembly includes a hori- 
zontal base, a bottom plate bearing against the 
base, a top plate shorter than the bottom plate, with 
the top plate bearing on the bottom plate, an end 
plate bearing on the bottom plate at the loading 
end of the bottom plate, with the face of the end 
plate positioned relative to the face of the top plate 
so as to leave a gap that will admit a well-forming 
comb, a means for sealing the outer perimeter of 
the bottom plate and the top and end plates, a 
means for spacing the bottom plate from the top 
and end plates, a means for biasing the end plate 
against the top plate through a well-forming comb, 
and a means for passing electric current through a 
polym rized g I f rmed in the space created be- 
tween th bottom plate and th top and nd plat s. 

The present invention is also such an assembly 
in which th means for passing electric curr nt 
through th polym rized g I formed in th space 



cr ated betw n th bottom plat and th top and 
end plates includ s an lectrod with electrical 
contact to th polym rized g I through a gap 
through which an electric field originates. This as- 

5 sembly also includes a separate gap to permit 
sample loading through which an electric field does 
not originate. 

The present invention is also a method for 
casting electrophoretic slab gels, using either as- 

w sembly described above, including the steps of 
introducing sufficient gel-forming liquid between 
the top and end plates and the bottom plate to 
form a slab gel, inserting a well-forming comb into 
the gap created between the end plate and the top 

75 plate, biasing the end plate against the top plate 
through the comb so that the comb is held be- 
tween the end plate and the top plate in a tight fit, 
permitting the gel-forming liquid to set, and remov- 
ing the comb. 

20 It is an object of the present invention to pro- 
vide a method and apparatus that allow high reso- 
lution separation of macromolecules. 

It is another object of the present invention to 
provide a method and apparatus capable of for- 
25 ming sharply defined, uniform samples wells in 
ultra-thin gels. 

It is another object of the present invention to 
provide a method and apparatus capable of posi- 
tioning sample wells so that the electric field pass- 
so ing through the sample well is parallel to the plane 
of the slab gel. 

Other objects, advantages and features of the 
present invention will become apparent from the 
following specification when read in conjunction 
35 with the accompanying figures. 

Brief Description of the Figures 

Fig. 1 is an exploded side view of a first 
40 preferred embodiment of the present invention. 

Fig. 2 is a top view of the base and elements 
attached to the base of the first preferred embodi- 
ment of the present invention. 

Fig. 3 is an exploded top view of the elements 
45 of the gel mold of the first embodiment of the 
present invention. 

Fig. 4 is an exploded side view of the second 
preferred embodiment of the present invention. 

Fig. 5 is a top view of the base and elements 
so attached to the base of the second preferred em- 
bodiment of the present invention. 

Fig. 6 is an exploded top view of the elements 
of the gel mold of the second pref rred mbodi- 
ment of th present inv ntion. 

55 

Description of the Pr ferred Embodiments 
First Embodiment 
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Figs. 1, 2 and 3 d pict th structur of th first 
preferred embodim nt f the present inv ntion. Th 
following description ref rs to these four figures. 

Th apparatus of Fig. 1 includ s a larg rectan- 
gular horizontal base 12 which has formed in its s 
interior a large cavity or water jacket 14. The water 
jacket 14 is formed as a trough, open to the top, 
with its three lateral sides bounded by the base 12. 
Coolant may flow into and out of the water jacket 
14 through inlet and outlet pipes 16 connected to w 
the water jacket 14 through manifolds 18. The inlet 
and outlet pipes 16 are connected by appropriate 
tubing to a temperature controlled water reservoir, 
which is also equipped with a pump (not shown) 
which can circulate water through the water jacket is 
14. An elastomeric ORing 20 is fitted into a groove 
formed in the top of the base 10 extending around 
th outside of the trough of the water jacket 14. 
Four adjustable screwed legs 22 are threaded into 
bores at each comer of the base 12 to support the 20 
apparatus. An end alignment bar 24 is fixed in 
position attached to one end of the top of the base 
12. Two guide blocks 26 are attached to the top of 
one side of the base 12. 

Figs. 1 and 3 illustrate the parts of the gel mold 25 
28, which is formed of a bottom plate 30, a gel 
gasket 32, a top plate 34, two identical end plates 
36 and four identical gap formers 38. Fig. 1 shows 
the pieces of the gel mold 28 in the order of their 
assembly. The gasket 32 is placed around the 30 
outer edge of the bottom plate 30. The thickness of 
th gasket 32 defines the thickness of the resulting 
gel. Gels which will usually be less than 150 urn, 
and may be as thin as 25nm, may be formed by 
th present invention. 35 

In assembling the parts of the gel mold, the top 
plate 34 is placed on top of the gasket 32 and the 
nd plates 36 are also placed on the gasket 32 at 
each end of the top plate 34. In Fig. 3, 37 and 35 
indicate the faces of the end plate 36 and the top 40 
plate 34, respectively which define the edges of the 
sample wells. In this embodiment, the end plate 36 
is approximately one-sixth the length of the top 
plate 34, but the relative size relationship of these 
parts are not critical as long as the end plate is 45 
large enough to accommodate the agarose blocks. 
Gap formers 38 are inserted at each comer of the 
top plate 34 between the ends of the top plate 34 
and the end plates 36. The assembled gel mold 28 
forms a water tight reservoir for gel-forming liquid. so 
A comb 46 of the same width as the gap formers 
38 can then be fit into the gap formed between the 
edge 35 of the top plate 34 and the edge 37 of the 
nd plat 36. 

Th assembled gel mold 28 is positioned on 55 
the base 12 to abut th end alignment bar 24 and 
resting against th guid blocks 26. Th g I mold 
28 is secured tightly against th base 12 with a 



series of six clamps 40. Th clamps 40 ar placed 
around the sid s of th base 12 and press onto th 
g I mold 28 by m ans f scr ws 42 thread d 
v rtically through ach clamp 40. Rotation of the 
screws 42 causes the top of the clamps to bear 
against the gel mold 28 to hold the mold 28 tightly 
in place against the base, thereby forming a fluid- 
tight seal between the lower surface of the bottom 
plate 30 and the O-ring 20. 

At the sample-loading end of the mold 28 is an 
assembly for biasing the end plate 36 towards the 
top plate 34, against the gap formers 28 and the 
comb 46. In this embodiment, the assembly in- 
cludes two pressure adjustment screws 48 thread- 
ed through the end alignment bar 24 which serve 
to apply horizontal pressure against the end plate 
36. 

Buffer chambers 50 are secured at either end 
of the mold 28 by four clamps 52. Screws 54 are 
threaded vertically through each clamp 52. Rotation 
of the screws 54 causes the top of the clamps 52 
to bear against the top of the buffer chamber 50 to 
tightly hold the chamber against the top of the gel 
mold 28. An electrode holder 56 is attached to 
each buffer chamber 50. An adjustable screw 58 is 
threaded into the electrode holder 56 and secures 
and adjusts the carbon electrode 60. Not shown in 
the figures is the means for connecting a source of 
electric potential to the electrodes 60. 

The end plates 36, top plate 34 and bottom 
plate 30 are preferably made of glass although 
other rigid transparent materials could be used 
such as quartz. Glass is preferred because it is 
electrically non-conductive and can be ground and 
polished to specific tolerances. If the gels are to be 
read optically, the glass should be one that has low 
fluorescence characteristics, such as fused silica 
glass. To ensure flatness of the glass components, 
optical quality glass, e.g. BK-7, Tempax, or soda- 
lime glass preferably polished to within 1 urn of 
flatness is used. The glass pieces are cut such that 
all sides are parallel. This parallelism is helpful for 
the proper alignment of the gel mold 28 on the 
base 12 once the components are assembled. The 
face 37 and 35 of the end plates 36 and the top 
plate 34 are polished flat to within about 5 urn. 
This uniform surface is helpful for the comb 46 to 
fit property between the plate faces to form prop- 
erly uniform wells. 

The gap formers 38 and comb 46 are typically 
made of .030 inch sheet high density polyethylene. 
The base and attached elements may be formed of 
any suitable durable lightweight material, such as a 
d nse plastic resin mat rial. 

Th apparatus is used as follows. First all glass 
pieces are washed with a mild cleaner, rinsed with 
d ionized water and thoroughly cl an d with three 
ethanol wipes. If th gels ar to be fixed and dri d 
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on th bottom plat 30 aft r electrophor sis, th 
surface of the bottom glass is treated with gamma- 
methacryloxypropyltrimethoxysilane which serves 
to bind th polyacrylamid to the glass surface. 
The top plate 34 may be siliconized to aid in the 
flow of polyacrylamide during gel pouring. Spacer 
surfaces may be coated with petroleum jelly to 
deter leakage. The gel mold 28 is assembled and 
positioned on the base 12 to abut the end align- 
ment bar 24 and rest against the guide blocks 26. 
The screwed legs 22 positioned around the comers 
of the base are adjusted to provide a flat base 12. 
The gel mold 28 is secured onto the base with the 
six clamps 40. The buffer chambers 50 are 
clamped onto each end of the mold 28. 

In this embodiment, the left-hand end of the 
mold 28 as viewed in Fig. 1 is the loading end. 
Gel-forming liquid, typically acrylamide, is intro- 
duced into the feed end buffer chamber 50 and 
allowed to flow into the empty space inside the gel 
mold 28. Enough liquid is introduced so that the 
liquid fills up the gel mold 28 and flows at each 
end into the gaps formed between the end plates 
36 and the top plate 34. The gel-forming liquid is 
also introduced into the other chamber 50 when it 
has flowed across the cavity. 

The well-forming comb 46 is inserted into the 
liquid-filled gap at the loading end. The bottom of 
the teeth of the comb 46 rest on the top of the 
bottom plate 30. The pressure adjustment screws 
48 are twisted so that they bear against the end 
plate 36 and cause the comb 46 to be tightly 
squeezed between the end plate 36 and the top 
plate 34. Because of the tight fit of the comb 46, 
the leakage of gel-forming liquid around the comb 
46 is strictly controlled. The wells thus formed are 
uniform, rectangular, sharply defined, and free of 
xtraneous polymer that would impede elec- 
trophoresis or form irregularly shaped wells. 

After the gel polymerizes, the comb 46 is care- 
fully removed, leaving sample wells behind. The 
depth of these wells is determined by the length of 
the teeth of the comb 46. The sample wells may 
be formed up to the top of the top plate 34 and the 
nd plate 36. 

A small amount (approx. 1 ml.) of buffer is 
introduced into each buffer chamber 50. The water 
is also squirted with gentle pressure into the sam- 
ple wells to remove residual gel-forming liquid and 
urea. The cooling water is begun circulating 
through the water jacket 14. 

A 1 inch x 1 inch x 3 inch block of agarose 
(typically, 1.5% agarose in 1X TBE) is placed in 
each buff r chamber 50 with a small amount of 
buffer. Th graph it rod lectrod s 60 ar posi- 
tioned to be in contact with the top of th agarose 
blocks. Sampl s ar loaded into th individual sam- 
pl wells with a long needle syring or pipett . 



Voltag is applied across th lectrophor tic 
slab g I, i. . between the lectrod s 60, in a short 
burst, typically 5000 volts for 6 seconds. During 
this short puis , some of th sample moves into 
5 the slab gel. The voltage supply is turned off, and 
the sample wells are rinsed of excess sample. 
Electrophoretic resolution is improved because the 
migration of sample into the wells has been de- 
fined. After the wells are completely flushed, voft- 
10 age is once again applied across the slab gel and 
the samples are electrophoresed for the desired 
period of time. 

During electrophoresis, the gel temperature is 
continuously regulated by circulating coolant 
75 through the water jacket 14 under the gel mold 28. 
As shown in Fig. 1, coolant in the water jacket 14 
will contact directly against the bottom plate 30. 
Coolant is dispersed across the width of the mold 
28 by the manifolds 18. Coolant water is circulated 
20 by the pump associated with the external water 
reservoir (not shown). Because the gel is cooled 
while electrophoresis is taking place, up to 200 
volts/centimeter of gel may be applied. Normally 
voltages of this intensity cannot be used in elec- 
ts trophoresis due to degradation of the polymeric gel 
from heat build-up in the gel. The cooling effect of 
the water jacket 14 prevents that here. A typical 
electrophoretic run for DNA sequencing procedures 
in a 75 pm 6% acrylamide gel is performed at 
30 5000 volts for 20 minutes. 

Second Embodiment 

Figs. 4, 5 and 6 depict the structure of the 
35 second preferred embodiment of the present inven- 
tion. The following description refers to Figs. 4, 5 
and 6. 

A horizontal base 112, a water jacket 114, a 
coolant inlet and outlet pipes 116, and inlet and 

40 outlet manifolds 118, height adjustment screw legs 
120, mold clamps 122, mold clamp screws 124, 
buffer chamber clamps 126, buffer chamber clamp 
screws 128, and guide blocks 130 are identical 
structurally and functionally with those of the first 

45 embodiment and thus need not be described again 
in detail. An end alignment bar 132 is attached to 
the loading end of the base 112. This end align- 
ment bar 132 has two pressure adjustment screws 
1 34 threaded through it, as in the first embodiment. 

so The end adjustment bar in this embodiment also 
holds the electrode assembly adjustment screws 
136 which adjusts the position of the graphite elec- 
trode 138. 

Th g I mold 140 in this embodim nt is de- 
55 fined by th surfaces of a bottom plate 142, and 
gasket 144, a top plate 146, a sample w II and 
lectrod assembly 148 and an lectrod assembly 
chamber 150. Figs. 4 and 6 d pict th se el ments. 
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Th thickn ss of th gask t 144 defin s th thick- 
n ss of the g I. Gels as thin as 25um may be 
formed using this mbodim nt. Th bottom plat 
142 and th gask t 144 are identical structurally 
and functionally with those of the first embodiment. 
The top plate 146 has a lateral bar 152 attached to 
its top, at both its ends. 

The sample well and electrode assembly 148, 
d picted in Figs. 4 and 6, includes an assembly 
frame 153 which borders the assembly and divides 
the interior of the assembly into two open-topped 
chambers, a field transfer chamber 154 and a 
sample chamber 156. The field transfer chamber 
154 has a plate 158 partially extending across its 
bottom. The plate 158 is positioned so that a gap 
at its front end permits electrical contact between 
material contained within the chamber 154 and the 
polymerized gel. The sample chamber 156, which 
is also open toward its front side, also has a plate 
160 extending part of the way across its bottom. 
When the gel mold 140 is assembled, the lateral 
bar 152 forms the front side of the sample cham- 
ber. The plate 160 is positioned to leave a gap 
between the bottom of the sample chamber 156 
and the edge top glass 146. This gap is the same 
width as the well-forming comb 162. The edge of 
th plate 160 and of the top glass 146 are polished 
to within 5 micrometers to provide accurate wells. 
A partition 164 separates the field transfer chamber 
154 and the sample chamber 156. Note that the 
side edges of the sample well assembly frame 153 
xtend forwardly past the plate 160, or downward 
as illustrated in Fig. 5. The distance that the edges 
of the assembly frame 153 extends past the plate 
160 is the width of the comb 162. 

The electrode chamber 150 also has a plate 
165 as its bottom. This plate 165 is positioned to 
I ave a small gap for electrical contact and field 
transfer to the polymerized gel from the buffer 
chamber 150. An electrode assembly support 168 
is attached to the base 112 at the non-loading end 
of the gel and holds the electrode adjustment 
screws 136 which support and position the elec- 
trode 138 at the non-loading end of the base 1 12. 

Elements of the second embodiment are typi- 
cally constructed of similar materials as in the first 
mbodiment. The bottom plate 142, top plate 146 
and the plates 158, 160 and 164 are preferably 
formed of glass. TTie frame of the sample well 
assembly 148 and buffer chamber 150 may be 
made of other materials, such as a durable plastic 
r sin. 

The second embodiment functions as follows. 
Th top surface of th bottom plat 142 is tr ated 
for adhesion to th gel. Th g I mold 140 is th n 
assembled and positioned onto the base to fit 
against th guid blocks 130 and th nd align- 
m nt bar 132, and is th n secured onto th base 



112 by th mold clamps 122 and the buff r cham- 
ber clamps 126. Height adjustment screw legs 120 
are used to position th bas 112 so that it is 
perfectly horizontal. 

5 Gel-forming liquid is introduced into any of the 

gaps in the gel mold 140, such as the gap in front 
of the plate 158 in the field transfer chamber 154. 
Sufficient liquid is introduced to fill the mold 140 
and the gaps. The comb 162 is inserted into the 

70 gap in the sample chamber 156 of the sample well 
assembly 148 and the pressure adjustment screws 
134 are twisted so that the sample well assembly 
148 is pressed against the top glass 146 with the 
comb 162 in place. The comb 162 is thus held 

is tightly between the plate 160 that forms the bottom 
of the open-sided chamber and the top glass 146. 
This tight fit results in sharply defined, uniform 
wells. 

The gel is allowed to polymerize, the pressure 
20 adjustment screws 134 are loosened, and the 
comb is carefully removed. The wells are flushed 
with distilled water. Excess water is wiped away 
from the plate 160 and the bottom of the sample 
chamber 156 with a tissue. A minute amount of 

25 water is left in each sample well. 

In this embodiment, the electrodes are con- 
tacted directly to an extension of the gel itself. 
After the gel-forming material has polymerized in 
the gel mold, a second batch of gel-forming ma- 

30 terial is formulated. While a typical polyacrylamide 
gel is made by mixing 10 ml 6% polyacrylamide 
with 50 microliters of 10% APS and 5 microliters 
TEMED, the second batch of 10 ml of gel-forming 
solution material is made with three times the con- 

35 centration of TEMED initiator. This second batch of 
gel-forming material is poured into the charge 
transfer chambers 154 and 150, and allowed to 
polymerize for approximately two hours. The result 
is a gel that extends continuously from one charge 

40 transfer chamber to the other through the gel mold 
140. The electrodes impose the field on the gel by 
being placed in direct physical contact with the 
gels formed in the charge transfer chambers. Thus 
no buffer or other intermediary material is required 

45 to transfer the electric field into the gel. 

In this embodiment, the electrical contact takes 
place through the field transfer chamber 154 and 
not through the sample wells. The electric field 
travels from the electrodes, through the gel in the 

so charge transfer chambers, through the gaps formed 
adjacent plates 160 and 165 and then horizontally 
through the gel. Thus although the path of the 
electric field is bent in the chambers and in pass- 
ing through th gaps, in th ntir I ngth of th g I 

55 in which th lectrophor sis is performed, the fi Id 
is linearly horizontal. Also, when the lectric fi Id 
passes through th sample w lis, it is in a linear 
plan approximat ly parallel to th slab gel. Sam- 
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pi s electrophor sed in this mann r will not suff r 
from a period of artrfactual migration that occurs 
wh n the lectric fi Id "turns a corn r," as it does 
in the first mbodim nt and many prior art horizon- 
tal gel devices. This improved electric field geome- s 
try results in sharper, more uniform sample resolu- 
tion and separation. 

It has been discovered that the electrophoresis 
apparatus constructed in accordance with the 
present invention is capable of accurately, effi- w 
ciently and quickly resolving DNA samples, particu- 
larly for DNA sequencing procedures. The provi- 
sion for the base plate 142, which is continuously 
cooled on its underside, enables a thin 
polyacrylamide gel to be made and used without is 
temperature build-up. Because higher voltages can 
be used, the separation of DNA strands can be 
accomplished more rapidly than previously possi- 
ble, with no loss of accuracy or resolution. 

These two embodiments do not represent the 20 
full scope of the invention. TTie invention may be 
employed in other embodiments, as well. There- 
fore, reference should be made to the claims for 
interpreting the breadth of the invention. 

25 

Claims 

1- An assembly for electrophoresing macromole- 
cules in a gel, comprising: 

(a) a horizontal base; 30 

(b) a bottom plate bearing against said 
base; 

(c) a top plate shorter than said bottom 
plate, said top plate bearing on said bottom 
plate; 35 

(d) an end plate bearing on said bottom 
plate at the loading end of said bottom 
plate, the face of said end plate positioned 
relative to the face of said top plate so as to 
leave a gap that will admit a well-forming ao 
comb; 

(e) means for sealing the outer perimeter of 
said bottom plate and said top and end 
plates and for spacing said bottom plate 
from said top and end plates; 45 

(f) means for biasing said end plate against 
said top plate through a well-forming comb; 
and 

(g) means for passing electric current 
through a polymerised gel formed in the so 
space created between said bottom plate 

and said top and end plates. 

2. Th ass mbly of Claim 1, additionally compris- 
ing means for cooling said base during lec- 55 
trophoresis. 

3. TTi ass mbly of Claim 1 , wh rein said sealing 



m ans and spacing m ans is a gask t placed 
between the bottom plat and th base. 

4. Th assembly of Claim 1, wh r in said biasing 
means comprise a screw threaded through an 
end alignment bar. 

5. The assembly of Claim 1 wherein the top plate 
is separated from the bottom plate by less 
than 150 urn. 

6. An assembly for casting a slab gel and elec- 
trophoresing macromolecules in a slab gel, 
comprising: 

(a) a horizontal base; 

(b) a bottom plate bearing against said 
base; 

(c) a top plate shorter than said bottom 
plate, said top plate bearing on said bottom 
plate; 

(d) an end plate bearing on said bottom 
plate at the loading end of said bottom 
plate, the face of said end plate positioned 
relative to the face of said top plate so as to 
leave a gap that will admit a well-forming 
comb; 

(e) means for sealing the outer perimeter of 
said bottom plate and said top and end 
plates; 

(f) means for spacing said bottom plate 
from said top and end plates; 

(g) means for biasing said end plate against 
said top plate through a well-forming comb; 

(h) means for passing electric current 
through a polymerized gel formed in the 
space created between said bottom plate 
and said top and end plates, said means 
comprising a pair of electrodes with elec- 
trical contact to the polymerized gel; and 

(i) a separate gap to permit sample loading 
through which an electric field does not 
originate. 

7. The assembly of Claim 6, additionally compris- 
ing means for cooling said base during elec- 
trophoresis. 

a The assembly of Claim 6, wherein said sealing 
means and said spacing means is a gasket. 

9. The assembly of Claim 6, wherein said biasing 
means comprise a screw threaded through an 
end alignment bar. 

10. A horizontal electrophor sis assembly com- 
prising 

(a) a horizontal base with a wat r jacket 
formed in the top th r of; 
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(b) a bottom plate placed against th top of 
the base; 

(c) a gasket placed n th bottom plat , the 
gask t being I ss than 150 urn in thickn ss; 

(d) a top plate placed on the gasket so that 
a gel mold is defined between the bottom 
plate, the gasket and the top plate, 

(e) means for forming sample wells in a gel 
formed in the gel mold; 

(f) means for introducing an electrical field 
into a gel formed in the gel mold; and 

(g) means for circulating coolant through the 
water jacket so that the temperature of a gel 
in the gel mold can be controlled during 
electrophoresis. 

11. The electrophoresis assembly of Claim 10 
wherein there is an O-ring located in a groove 
on the top of the base so that the bottom plate 
will form a fluid-tight seal with the base when 
placed thereon. 

12. The electrophoresis assembly of Claim 10 
wherein the spacer is between 25 and 150 urn. 

13. A horizontal electrophoresis assembly com- 
prising: 

(a) a horizontal bottom plate; 

(b) a gasket placed on the bottom plate; 

(c) top plate means placed on the gasket for 
defining the top of a gel forming cavity 
formed between the bottom plate, the gas- 
ket and the top plate means; 

(d) a pair of field transfer chambers at op- 
posite ends of the gel forming cavity; 

(e) an electrode in each field transfer cham- 
ber positioned to contact gel formed in the 
field transfer chamber; and 

(f) the top plate means including a gap into 
which a well forming comb may be inserted, 
the gap located between the field transfer 
chambers so that an electric field imposed 
between the electrodes will be generally 
linear and horizontal through the gel adja- 
cent to the gap. 

14. A horizontal electrophoresis assembly as 
claimed in Claim 13 further comprising cooling 
means connected to the bottom plate for cir- 
culating a cooling fluid to the bottom plate to 
limit heat build up in a gel. 

15. A horizontal electrophoresis assembly as 
claimed in Claim 13 wh r in the spacer is less 
than 150 urn in thickness. 

16. A horizontal lectrophor sis assembly as 
claimed in Claim 13 wher in th bottom plate 
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